Introduction {#s0006}
============

Cardiovascular diseases are among the leading causes of death worldwide, with more than 2150 deaths each day^[@C1],[@C2]^. Many studies have found a direct relationship between levels of low-density lipoprotein (LDL) cholesterol (or total cholesterol) and the rate of new-onset coronary heart disease (CHD) in men and women who were initially free of CHD^[@C3],[@C4]^. When other risk factors are present, including diabetes and hypertension, this risk increases even more. This has led to large numbers of clinical trials providing strong evidence that CHD incidence is reduced in cholesterol-lowering therapy. A meta-analysis involving 10 trials of 79,494 subjects found that statins reduce coronary events, strokes, and all-cause mortality without increasing non-coronary mortality^[@C5]^.

Statins are the most commonly prescribed medications to lower cholesterol. High cholesterol is one of the major controllable risk factors for coronary heart disease, heart attack, and stroke, consequently increasing the use of statins throughout the years^[@C6]^. It is evident that statin use has a clear benefit on stroke and total mortality by greatly reducing cholesterol. Despite the positive results linking statin use and reduction in CHD, studies have shown poor adherence to these medications^[@C7]^. A systematic review and meta-analysis of 22 cohorts determined several sociodemographic, medical, and healthcare utilization characteristics were associated with statin non-adherence^[@C8]^. These factors are useful guides for targeting statin adherence interventions, especially since adherence is an essential factor to receiving the full benefits of these medications.

Although there have been studies identifying predictors of adherence and non-adherence to statins, there is less evidence identifying reliable predictive variables of mortality among new statin users. In particular, the Veteran population is of importance due to the prevalence of risk factors within this group. Over 90% are male and more than 40% are over 65 years of age, both of which are risk factors of CHD-related deaths^[@C9]^. This study aims to identify variables in the first year of statin therapy that are predictive of long-term mortality.

Methods {#s0007}
=======

This retrospective cohort study used data from the Veterans Affairs facilities within the Veterans Integrated Service Network 22, including sites from Loma Linda, Long Beach, Los Angeles, San Diego, and Las Vegas. Data were collected on study subjects identified as new statin users between December 1, 2006, and November 30, 2007.

Socioeconomic status was determined by zip code median household income and divided into five quintiles from lowest to highest income. Adherence rates were defined as medication possession ratio (MPR) \>0.8. MPR was calculated as the number of days of statin drug supply the patient filled divided by the number of days in the specific time period.

Inclusion criteria included age 18 years or older, diagnosis of dyslipidemia, new statin user per the dates listed above, enrollment in the VA system for at least 2 years before the study period, and eligibility to receive prescription benefits from the VA. Patients were excluded if they had missing baseline or follow-up body mass index (BMI), LDL, and total cholesterol (TC) laboratory data, or if they were missing zip code income data ([Figure 1](#F1){ref-type="fig"}).

Statistical analysis {#s0008}
--------------------

Baseline comparisons between the mortality group and the survival group were performed using *t*-test and chi-square test. The primary outcome measure of mortality predictors at 6 years follow-up for new statin users were analyzed using a logistic regression model. The independent variables assessed included race, age, ethnicity, BMI, socioeconomic status, LDL outcomes at 1 year, and baseline comorbidities. Data are reported including odds ratios with 95% confidence interval and *p*-values. All analyses were performed using SPSS version 18 (SPSS Inc, Chicago, IL).

Results {#s0009}
=======

Study population {#s0010}
----------------

There were a total of 7735 patients who met inclusion criteria, and 4566 patients were included in the final analysis after applying the exclusion criteria. Patients in the mortality group were older (*p* \< 0.001), on more medications (*p* \< 0.001), had higher total cholesterol levels (p ≤ 0.001) and had higher incidence of hypertension (*p* \< 0.001), vascular disease (*p* \< 0.001), chronic obstructive pulmonary disease (*p* = 0.001), congestive heart failure (*p* \< 0.001), history of myocardial infarction (*p* \< 0.001), and angina (*p* = 0.008). Patients in the survival group were more likely to be Hispanic (*p* \< 0.001), with higher BMI (*p* \< 0.001) and LDL cholesterol (*p* \< 0.001) ([Table 1](#TB1){ref-type="table"}).

Independent variables {#s0011}
---------------------

Age, medication count, ethnicity, and BMI were predictors of long-term mortality. In addition, patients with comorbidities such as hypertension (OR = 1.46, 95% CI = 1.08--1.98, *p* = 0.015), diabetes (OR = 1.36, 95% CI = 1.07--1.72, *p* = 0.012), tobacco use (OR = 1.52, 95% CI = 1.16--1.99, *p* = 0.002), COPD (OR = 1.88, 95% CI = 1.40--2.53, *p* ≤ 0.001), and congestive heart failure (OR = 1.80, 95% CI = 1.23--2.63, *p* = 0.002) all showed an increased risk of mortality. There were no significant associations between mortality and race, LDL outcomes at 1 year, and annual income level, as shown in [Table 2](#TB2){ref-type="table"}.

###### 

Baseline demographics.

  Characteristic                                 Survival group (*n* = 4160)   Mortality group (*n* = 402)   *p* Value
  --------------------------------------------- ----------------------------- ----------------------------- -----------
  Age (years), mean in years (SD)                       62.61 (10.65)                 71.35 (10.68)           \<0.001
  Male sex, *n* (%)                                     3971 (95.5%)                   395 (98.3%)             0.008
  Ethnicity (Hispanic), *n* (%)                          485 (11.7%)                    23 (5.7%)             \<0.001
  Race, *n* (%)                                                                                                0.002
  White                                                 2430 (58.4%)                   271 (67.4%)          
   Black or African American                             592 (14.2%)                   50 (12.4%)           
   Asian                                                 165 (3.97%)                    6 (1.49%)           
   American Indian or Alaska Native                      59 (1.42%)                     2 (0.50%)           
   Unknown                                               914 (22.0%)                   73 (18.2%)           
  BMI (kg/m^2^)                                         30.30 (5.65)                  29.22 (6.09)            \<0.001
  Obese, BMI \>30, *n* (%)                              1902 (45.7%)                   150 (37.3%)             0.001
  MPR, mean (SD)                                        0.73 (0.256)                  0.75 (0.245)             0.11
  Start medication count                                 7.20 (4.37)                   9.10 (4.73)            \<0.001
  Total cholesterol (mg/dL), mean (SD)                 214.20 (46.27)                202.21 (47.30)           \<0.001
  Low-density lipoprotein (mg/dL), mean (SD)           138.47 (39.20)                126.65 (37.97)           \<0.001
  High-density lipoprotein (mg/dL), mean (SD)           42.41 (11.90)                 41.19 (12.71)            0.05
  Triglycerides (mg/dL), mean (SD)                     170.47 (143.86)               174.88 (160.50)           0.57
  Hypertension                                          2970 (71.4%)                   340 (84.6%)            \<0.001
  Diabetes                                              1548 (37.2%)                   185 (46.0%)             0.001
  Vascular disease                                      1281 (30.8%)                   196 (48.8%)            \<0.001
  Tobacco use                                           1197 (28.8%)                   125 (31.1%)             0.33
  Alcohol abuse history                                  772 (18.6%)                   66 (16.4%)              0.29
  Erectile dysfunction                                   657 (15.8%)                   75 (18.7%)              0.14
  Chronic obstructive pulmonary disease                  354 (8.5%)                    92 (22.9%)             \<0.001
  High potent statin                                     281 (6.75%)                    33 (8.2%)              0.27
  Congestive heart failure                               159 (3.8%)                    50 (12.4%)             \<0.001
  History of myocardial infarction                       104 (2.5%)                     23 (5.7%)             \<0.001
  Angina                                                 89 (2.14%)                     17 (4.2%)              0.008
  Bipolar                                                70 (1.68%)                     5 (1.24%)              0.51

###### 

Odds ratios of mortality via logistic regression.

  Variable                                 Odds ratio (95% CI)   *p* Value
  --------------------------------------- --------------------- -----------
  Age                                       1.08 (1.07, 1.09)    \<0.001\*
  Male                                      1.54 (0.69, 3.44)      0.29
  Ethnicity (Hispanic)                      0.52 (0.33, 0.83)     0.005\*
  Race                                                          
   White                                           Ref          
   Black or African American                0.75 (0.52, 1.06)      0.10
   Asian                                    0.41 (0.17, 0.99)     0.047\*
   American Indian or Alaska Native         0.28 (0.07, 1.18)      0.08
   Unknown                                  0.67 (0.50, 0.89)     0.006\*
  BMI follow-up                                                 
   \<25.0                                          Ref          
   25.0--29.9                               0.68 (0.51, 0.90)     0.008\*
   30.0--34.9                               0.59 (0.42, 0.83)     0.002\*
   ≥35.0                                    0.77 (0.53, 1.12)      0.17
  Annual Zip Code Income, by Quintile                           
   Quintile 1 (Lowest Income)                      Ref          
   Quintile 2                               1.11 (0.78, 1.57)      0.56
   Quintile 3                               1.17 (0.83, 1.66)      0.38
   Quintile 4                               0.93 (0.65, 1.34)      0.70
   Quintile 5 (Highest Income)              1.05 (0.74, 1.50)      0.79
  LDL follow-up                                                 
   \<70                                            Ref          
   70--99                                   0.87 (0.63, 1.20)      0.39
   100--129                                 0.80 (0.56, 1.14)      0.22
   130--159                                 0.87 (0.57, 1.32)      0.50
   ≥160                                     1.07 (0.66, 1.73)      0.79
  End Medication Count                      1.04 (1.02, 1.07)     0.001\*
  Hypertension                              1.46 (1.08, 1.98)     0.015\*
  Diabetes                                  1.36 (1.07, 1.72)     0.012\*
  Vascular disease                          1.21 (0.96, 1.53)      0.11
  Tobacco use                               1.52 (1.16, 1.99)      0.002
  Alcohol abuse history                     1.24 (0.91, 1.70)      0.18
  Erectile dysfunction                      1.01 (0.76, 1.34)      0.97
  Chronic obstructive pulmonary disease     1.88 (1.40, 2.53)    \<0.001\*
  Congestive heart failure                  1.80 (1.23, 2.63)     0.002\*
  Angina                                    1.02 (0.57, 1.85)      0.94
  Bipolar                                   0.87 (0.33, 2.31)      0.79

\*Statistical significance.

Discussion {#s0012}
==========

This study showed that different lipid outcomes after the first year of statin therapy were not indicative of long-term mortality. Other significant predictors of mortality in new start statin users were seen after a 6 year follow-up period. Age, race, number of medications, comorbidities, and BMI were shown to be predictive of long-term mortality in a veteran population, much of which was expected. These factors are all independent predictors of death. Statin users in the mortality groups were more likely to be taking more medications, an indicator of their underlying diseases, also predictive of mortality.

![Study inclusion and exclusion flowchart.](ijda-4-7.01){#F1}

Previous studies have shown a highly significant negative association between statin use and mortality^[@C10],[@C11]^. In an overview of 16 individual trials including 29,000 subjects, patients assigned to statin drugs experienced significant reductions in risks of stroke and total mortality^[@C12]^. The benefit of statin use is clearly evident. However, the results of our study showed that actual differences in LDL levels at a given point in time among statin users appeared to confer no predictive effect on long-term mortality outcomes. Patient stratification between high potent (rosuvastatin and atorvastatin) vs non-potent statins did not affect the outcome. Sub-groups including HDL, TG, and TC further showed no predictive value of long-term mortality. Statin doses and whether the treatment goal of LDL was attained at 1 year follow-up were not assessed in this study.

The study by Blackburn *et al*.^[@C13]^ reported a detectable excess of cardiovascular morbidity associated with non-adherence to statin therapy. Numerous other studies have shown that a reduction in LDL is associated with a decreased risk in cardiovascular events and total mortality. These findings suggest that occurrences of cardiovascular events can be prevented with improvements in maintaining adherence in statin users. Although our analysis showed no significant difference in adherence as a predictor of long-term mortality, it should be mentioned that cardiovascular outcomes were not assessed. In addition, LDL values in both survival and mortality groups suggest uncontrolled LDL levels at 1 year follow-up, which may be due to the low adherence rates to statin therapy in both groups. Therefore, risk factors for cardiovascular events and total mortality including male gender, older age, vascular disease, COPD, hypertension, and diabetes took the lead in the risk factor evaluation in the multiple regression analysis, despite the great differences in their baseline rates.

Several limitations should be considered for this study. Timing of cardiovascular events or mortality was not assessed. In addition, some degree of time immortal bias may be present because no patient's died in the first year (as per inclusion criteria requiring LDL outcomes at 1 year). In addition, follow-up LDL outcomes were performed after 1 year only, extrapolation of values beyond that time point are not possible. The study was performed in a veteran population primarily comprised of male patients, limiting generalizability of the analysis. Although this group is of particular interest when looking at the risk factors associated with coronary heart disease, associations between lipid variables and mortality in a broader patient population may vary. In addition, homeless veterans without a zip code were excluded from this study. According to the annual homeless assessment report (AHAR) to Congress from the US Department of Housing and Urban Development, there were an estimated 75,609 homeless veterans on a single night in the US in 2009^[@C14]^. The exclusion of this population omitted patients with significant health risks not accounted for in this study.

Conclusion {#s0013}
==========

While many studies have examined the risks and benefits between statin and non-statin users, this study attempts to recognize the predictors of mortality in new start statin users. Multiple independent variables have been identified as predictors of mortality in statin users after a 6 year follow-up. Different lipid outcomes after the first year of statin therapy were not indicative of long-term mortality. Future studies should further assess optimal lipid-lowering therapies in the veteran population, especially in the later stages of life to improve clinical outcomes.
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